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Regenerative epidermal hyperplasia produced by re-
peated abrasion every 21 days of the skin of female mice 
after initiation with 7, 12-dimethylbenz(a)anthraeene re-
sults in the appearance of epidermal tumors. Full thick-
ness wounds, approximately 2 em in length, made every 
14 days in mouse skin initiated with 7, 12-dimethyl-
benz(a)anthracene also results in the appearance of ep-
idermal tumors adjacent to the wound edge. Repeated 
abrasion or wounding of normal female mouse skin does 
not result in the appearance of epidermal tumors. Re-
peated plucking of initiated mouse skin, which produces 
a milder epidermal hyperplasia than abrasion, does not 
result in the appearance of tumors. The data demon-
strate that regenerative epidermal hyperplasia, of a suf-
ficient intensity, can act as a tumor promoter. 
Skin ch emical carcinogenesis is usually divided into 2 
stages-initiation and promotion (for reviews, see references 1, 
2) . Initiation involves the conversion of epidermal cells into 
latent n eoplastic cells. Promotion allows for the expression of 
this neoplastic change. 
One of the important unanswered questions about promotion 
in skin chemical carcinogenesis is whether promotion involves 
something more . than the ability of the promoting agent to 
produce epidermal hyperplasia [3-7]. To answer this question, 
one must be able to produce epidermal hyperplasia in initiated 
mouse skin without the use of any chemicals, and to determine 
if such an induced epidermal hyperplasia can result in the 
appearance of epidermal tumors in the skin of mice pretreated 
with an initiating dose of a carcinogen. 
We have developed a technique for the production of a 
controlled epidermal injury in the skin of mice by abrasion. 
This results in transient epidermal h yperplasia [8, 9]. We report 
the results of our investigation which demonstrates that the 
repeated abrasion of mouse skin pre-treated with an initiating 
dose of 7, 12-dimethylbenz(a)anthracene results in the appear-
ance of epidermal neoplasm s in the abraded area. 
MATERIALS AND METHODS 
CD-1 female mice 40 days of age were purchased from Charles River 
Farms, Wilmington, Massachusetts. The conditions for maintaining the 
mice and for noting the hair growth cycles have already been presented 
[8]. 
The technique for producing a controlled abrasion of the skin has 
been described [8, 9). Briefly mice were anesthetized with nembutal, 
the hairs on their dorsum were clipped and the hair stubble removed 
with a depilatory, Surgex (Cooper Scientific Corporation, Watertown, 
Mass.) The lower back of the mice was abraded using a felt or emery 
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wheel mounted on a power driven tool [8, 9]. This resulted in the 
removal of the epidermis, with minimal damage to the underlying 
dermis. The epidermis was regenerated from the epidermal cells lining 
the mouths of the hair follicles. Marked epidermal hyperplasia was 
evident within 3 days after abrasion, reaching its maximal thickness by 
5 days, and persisting for the next 3-4 days. The hyperplastic epidermis 
then began to undergo regression and returned to its normal thickness 
by 21 days [8, 9). Abrasions were always done between 9-10 AM . 
Full thickness wounds approximately 2 em in length were made with 
a scissors on the back of clipped mice under ether anesthesia. The 
wounds were not sutured to insure maximal granulation tissue forma-
tion. Wounds were reopened every 14 days. No infections were ob-
served. Both plucking and finger rubbing were done under ether anes-
thesia, the latter as described by Bertsch et al"[10]. 
Mice to be initiated were clipped at 54 days of age, and if they 
showed no hair regrowth within 2 days, 200 nm of 7, 12-
dimethylbenz(a)anthracene (DMBA) in 0.2 ml acetone was applied on 
their backs between 9-10 AM [11]. Seven days after initiation, the mice 
were abraded, wounded, or TP A applied. 
12-0-Tetradecanoyl-phorbol-13-acetate (TPA) was purchased from 
Dr. Peter Borchert, Department of Laboratory Medicine and Pathol-
ogy, University of Minnesota, Minneapolis, Minnesota, 55455. TPA was 
applied 2x weekly, at a dosage of 17 nm in 0.2 ml acetone, between 8-
10 AM. 
RESULTS 
CD-1 female mice initiated with 200 nm of DMBA were 
abraded 5 times, with a 21 day interval in between each abrasion 
to allow for the process of epidermal regeneration to be com-
pleted. In such mice small epidermal tumors appeared in the 
abraded area (Fig 1 and 2). Of a total of 14 mice, 1 mouse had 
3 tumors, 1 had 2 tumors and 3 mice each had 1 tumor (Table 
I, Experiment 1). No epidermal tumors were seen in initiated 
mouse skin after the first or second abrasions. One mouse 
showed a small papilloma after the third abrasion. The experi-
m ent was repeated using a second group of mice initiated with 
DMBA and similar results were obtained (Table I, Experiment 
2) . A third group of initiated mice was abraded with an emery 
wheel and again epidermal tumors appeared (Table I , Experi-
ment 3). The process of repeated abrasion itself was not carci-
nogenic, since a group of normal mice abraded 11 times, as 
above, showed no epidermal tumors (Table I, Experiment 4). 
To rule out the possibility that the low yield and small size 
of the epidermal tumors was due to a change in the initiated 
skin by abrasion, TP A was applied to the mice in Experiment 
2 36 days after the last abrasion. Tumors were produced in the 
abraded area in numbers, and in size (Table I, Experiment 5) as 
seen in a similar sized area of initiated but not abraded skin 
and promoted with TPA (Table I, Experiment 6) . 
Repeated full thickness wounds made in the skin of initiated 
CD-1 female mice, also resulted in the appearence of epidermal 
tumors at the wound edge (Table II, Experiment 1). The 
experiment was repeated in a second group of mice with similar 
results (Table II, Experiment 2). Histologically, the epidermal 
tumors were similar to those seen after abrasion. Repeated 
wounding of normal mouse skin did not result in epidermal 
tumors (Table II, Experiment 3). Repeated plucking every 21 
days of the resting hair follicles in initiated CD-1 female mouse 
skin did not result in the appearance of epidermal tumors 
(Table II, Experiment 4) . Plucking induces a transient epider-
mal hyperplasia in mice, which is considerably milder than that 
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FIG 1. Papillomata on backs of mice init iated with DMBA and 
promoted by abrading 5 t imes. 
FIG 2. Section of a papilloma produced by repeated abrasion of the 
back of a mouse initiated with 200 nm of DMBA (hematoxylin & eosin, 
reduced from X 48). 
produced by abrasion or cutting [12]. A group of CD-1 female 
mice initiated with DMBA had their backs finger rubbed for 30 
seconds, weekly. No epidermal tumors appeared in these mice 
(Table II, Experiment 5) . Finger rubbing is known to induce a 
m arked increase in epidermal basal cell proliferation without 
an obvious thickening of the epidermis [10]. Finally, since 
wounding can promote, and since clipping can knick the skin 
quite deeply, we tested if repeated clipping of initiated CD-1 
female mouse skin would result in the appearance of epidermal 
tumors. This was of importance because we routinely clipped 
our abraded and wounded mice during the course of the exper-
iments. As can be seen in Table II (Experiment 6), repeated 
clipping of initiated mouse skin did not result in the appearance 
of epidermal tumors. 
DISCUSSION 
This investigation confirms the original observation of Hen-
nings and Boutwell [13], as well as the recent experiments of 
Clark-Lewis and Murray [14] that making repeated full thick-
ness wounds can induce the appearance of epidermal tumors at 
the cu t edge in initiated mouse skin. Our experiments differ 
from those of Hennings and Boutwell [13] in that they use a 
special tumor susceptible strain of mice and they close their 
wounds with wound clips. Our experiments differ from those of 
Clark-Lewis and Murray [14] in that they apply antibiotic 
powders and also close their wounds with wound clips. Thus, 
our experiments additionally demonstrate that tumor promo-
tion by wounding cannot be ascribed to the use of a special 
tumor susceptible mouse strain nor to the repeated suturing or 
application of antibiotic powders. 
Our investigation demonstrates, for the first time, that regen-
erative epidermal hyperplasia produced by repeated abrasion 
is a sufficient promoting stimulus in CD-1 female mice initiated 
with 200 nm of DMBA. The promoting effects of repeated 
abrasion are unlikely to be due to a promoting chemical con-
taminant on the felt wheel, since abrasion with an emery wheel 
also promotes epidermal tumorigenesis. 
Abrasion must be classified as a weak promotor on the basis 
of the number of tumors it produces. However, the low tumor 
TABLE I. Epidermal tumors in CD-1 female mice initiated with 200 
nm of DMBA and promoted by repeated abrasion or application 
ofTPA 
Experiment No. of Treatment Total No. Tumors/ Mice of tumors mouse 
14 Initiated and felt wheel 8 0.6 
abraded 5x + 36 
days 
2 14 Initiated and felt wheel 7 0.6 
abraded 4x + 36 
days 
3 14 Initiated and emery 6 0.5 
wheel abraded 4x + 
35 days 
4 16 Not initiated and felt 0 0 
wheel abraded llx + 
35 days 
5 13 Initiated and felt wheel 60 4.6 
abraded 4x + 36 
days, then 17nm of 
TP A 2x weekly for 
85 days 
6 36" Init iated and 17nm 135 3.8 
TP A 2x weekly for 
70 days in an area 
a bout (2.83 cm) 2 
• Data pooled from 2 separate experiments. 
TABLE II. Epidermal tumorigenesis in CD- 1 female mice initiated 
with 200 nm of DMBA followed by treatment with a variety of 
growth promoting procedures 
Experiment No. of Treatment Total No. Tumors/ 
mice of tumors mouse 
1 16 Initiated & wounded 3 0.2 
6x + 21 days 
2 16 Init iated & wounded 4 0.3 
5x + 21 days 
3 16 Not initiated & 0 0 
wounded llx + 21 
days 
4 16 Initiated & plucked 6x 0 0 
+ 21 days 
5 15 Initiated & rubbed lOx 0 0 
+ 21 days 
6 16 Initiated & clipped llx 0 0 
+ 21 days 
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yield may be an artifact of the abrasion technique itself. Every 
time we abrade the skin we remove not only the epidermis, but 
also most, if not all, of the developing tumors. Therefore, the 
low tumor yield could be due to the fact that the tumors do not 
have sufficient time to regrow in between each abrasion. Indeed, 
it may be argued that the tumors that we see may be those few 
which grow so rapidly that they become visible in spite of the 
repeated abrasion. Until abrasion techniques can be developed 
which do not result in the removal of the hyperplastic epidermis 
and the growing tumors, we will not be certain if abrasion is a 
strong or weak promoter. To date, we have not been able to 
develop such techniques. 
The regeneration of the new epideremis comes from the 
underlying follicular cells [8]. These are the cells which sur-
round the openings of the resting hair follicles and are contig-
uous with the interfollicular epidermal cells. These cells are 
known to be multipotential in their developmental capacity. 
They can form basal epidermal cells, cells of the external root 
sheath of the hair follicle, and sebaceous cells [15] . The tumors 
must arise also from the underlying hair follicles. Since it is 
usually assumed that tumors promoted by TP A arise from the 
basal cell layer of the epidermis [1], one might conclude that 
the origin of TP A promoted tumors is different from those 
promoted by abrasion. However, current investigations in our 
laboratory suggest that TP A induces considerable cell damage 
and cell death, in the basal layer of the epidermis, and that the 
lost basal cells may be replaced by cells from the hair follicles. 
If so, then it is possible that TP A promoted tumors also arise 
from hair follicle cells. Thus, until more definite experiments 
are completed, we must keep an open mind that the possibility 
exists that epidermal tumors promoted by TP A or abrasion 
arise from hair follicle cells. 
Full thickness wounds result in both epidermal hyperplasia 
and extensive proliferation of the underlying connective tissue 
[16]. Abrasion induced epidermal hyperplasia is not accompa-
nied by massive proliferation of the underlying connective 
tissue [8]. The · connective tissue proliferation which occurs 
appears to be due largely to proliferation of the very thin 
connective tissue sheath surrounding the hair follicles [8]. It is 
well known that this connective tissue is capable of proliferation 
following damage [17]. Proliferation in the dermis following 
abrasion was not obvious, but we keep an open mind. This is in 
keeping with previous observations that, in rodents, the dermis 
does not proliferate after wounding and contribute to the for-
mation of the granulation tissue [18]. The granulation tissue 
comes almost entirely from the proliferation of the connective 
tissue elements in the panniculus adiposus and from the sub-
pannicular connective tissue [16]. Interestingly, the prolifera-
tion of the hair follicle connective tissue sheath we see after 
abrasion has also been reported to occur after Scotch tape 
stripping of the epidermis under conditions where it has been 
claimed no loss of the basal epidermal cells has occurred [19]. 
Thus, direct damage of the connective tissue sheath of the hair 
follicles may not be necessary for the stimulation of its prolif-
eration. Indeed, it may be that the epidermal hyperplasia 
somehow induces the hair follicle connective tissue prolifera-
tion. This is consistent with the observation that both after 
abrasion or Scotch tape stripping, connective tissue prolifera-
tion occurs later than epidermal proliferation [8, 19]. Whatever 
the source is of the connective tissue seen in mice after abrasion, 
it is so small in amount that it cannot be removed and weighed. 
This is in contrast to full thickness wounds where the amount 
of connective tissue per wound formed by 7 days ranges from 
40 to 50 mg wet weight (unpublished observations) . 
Thus, we believe that epidermal hyperplasia by itself is a 
sufficient stimulus for promotion. However, it may be that this 
hyperplasia must be of a certain intensity, because plucking, 
which results in a milder epidermal hyperplasia than abrasion 
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[12, 16], does not act as a promoter, at least for the number of 
times we hav.e replucked the skin. Moreover, we confirm the 
results of Clark-Lewis and Murray [14], that rubbing which 
increases the mitotic activity of initiated basal epidermal cells 
but does not result in an epidermal thickening or hyperplasia, 
is not a sufficient stimulus for promotion [10, 14]. According to 
Bertsch et al [10] who compared the epidermal proliferative 
activity produced by fmger rubbing with that produced by 
abrasion, the rate of basal cell proliferation is quite similar. Yet 
finger rubbing does not result in the production of an obviously 
thickened or hyperplastic epidermis, whereas abrasion does. If 
so, this would suggest that promotion may involve not just an 
increase in epidermal cell proliferation, but also a thickened 
epidermis must be produced. Indeed the latter may be the only 
necessary condition for promotion, because it has been claimed 
that certain carcinogenic regimens which result in the produc-
tion of a hyperplastic epidermis actually may show a reduced 
epidermal mitotic activity [20]. These points deserve further 
investigation. Whatever the requirements are for promotion, it 
is clear that abrasion induced epidermal hyperplasia meets 
them. 
The excellent technical assistance of Mr. Anthony Brigandi is ac-
knowledged. 
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